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Abstract 
An approach to systematically identify and analyse delay risks in ramp-up projects of automotive manufacturers assuring scheduled ramp-up is 
discussed considering challenges of time-to-volume, increased quantity of ramp-up projects and increased complexity of products. It follows a 
multi-stage process based on the common risk management process. Within the first stage comprehensive risk identification in a preliminary 
process of ramp-up projects is conducted. The second stage includes any activities (risk management) to optimise ramp-up process with regards 
to delay risks. The approach was validated at an automotive manufacturer site within a ramp-up project of a new product. Results of the 
forecasting risk simulation and reality of open flaws are to a high degree consistent. 
© 2014 The Authors. Published by Elsevier B.V. 
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1. Introduction 
Increasing customer requirements leading to intense 
competition in innovation between manufacturers challenge 
ramp-up management in the automotive industry [1]. 
Subsequently, they have to cope with shortened product life 
cycles, decreasing duration of ramp-up projects, larger 
number of variants necessitating management of parallel 
ramp-up projects and more comprehensive and complex 
equipping increasing the number of changes during ramp-up 
projects [2]. Hence, manufacturers have to master ramp-up 
projects in less time and with less money while manufacturing 
more complex products in more complex processes and still 
assure on-time start of production (SOP). As product life 
cycle decreases at the same time the amount of sold cars per 
month is increasingly important for manufacturers thus date 
of SOP should be complied with at any chance. Assuming a 
price per car of 25.000€, a production of 25.000 cars per 
month and return on sales of 7% risks delaying SOP as well 
as reducing product life cycle by one month imply a loss of 
turnover of 44€ million. [3] Consequently, high requirements 
towards rising maturity level and thereof an effective fault 
elimination process confront the automotive industry. 
In order to prevent such loss threatening manufacturers’ 
existence and meet the requirement dimension time, costs and 
quality industry applies several management approaches 
coming from knowledge management, lean management, and 
risk management. Risk management is the key lever to deal 
with disruptions and uncertainties in ramp-up projects. 
However, risk-oriented approaches in ramp-up management 
base on a top-down risk analysis implying a great effort to 
model the current risk situation. Bottom-up approaches do 
exist but are not transferable to and applicable on automotive 
ramp-up projects so far, as disclosed below. 
2. Fields of Action in Ramp-Up Management 
Current complexity of ramp-up projects, mentioned above, 
challenge industries’ competence to successfully face ramp-
up projects. Thereby, interdependency, dynamic and 
interdisciplinarity mainly drive complexity of ramp-up 
projects influencing typical trajectories of open flaws in ramp-
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up projects. [4] Such drivers might be laboratory conditions in 
a ramp-up plant, deficient knowledge and information 
management, ambiguous defined responsibilities and 
frictional losses in cause of multifarious disturbances in 
supply networks as well as in plants and systems engineering. 
[4] Hence, ramp-up management has to take up these 
challenges to successfully manage processes. Thus five key 
fields of action were identified [4]: “development of robust 
production processes“, “establishment of a demand-actuated 
change management”, “planning, control and organisation to 
handle complexity”, “coordination of internal and external 
fractions” and “establishment of a corporation-wide 
knowledge management system, specifically configured for 
the ramp-up planning and execution”. Since an operative 
approach is pursued following three action fields are 
specifically examined: 
• Planning, control and organisation to handle complexity 
(A1) 
• Coordination of internal and external fractions (A2) 
• Establishment of a corporation-wide knowledge 
management systems, specifically configured for the ramp-
up planning and execution (A3) 
Action fields “Development of robust production 
processes”  and “establishment of a demand-actuated change 
management” are not analysed closer due to their strategic 
nature. 
3. Current Approaches of Risk Management in Ramp-Up 
Projects 
3.1. Planning and Organisational Models1), 2), 3), 4)
Focusing on action field ‘A1’ one has to differentiate 
between a risk-oriented1), 2) and lean ramp-up3), 4) approach. 
Risk-Oriented Approaches1), 2)
Nagel1) combines aspects of risk management with 
requirements of ramp-up management. In order to track ramp-
up projects triggered by risk monitoring several instruments 
are proposed empowering decision-maker to foresee negative 
developments at an early stage and to initiate preventive 
counteractions. Synthesis of project management techniques 
with requirements of ramp-up and risk management represent 
key element of this approach. [5] The approach 
comprehensively addresses risks in ramp-up projects 
supported by network diagrams enabling better forecast about 
project development. However, it lacks on usability in day-to-
day business due to extensive cause and impact analysis. 
Schatteman et al.2) follow an integrated and quantitative 
risk assessment for ramp-up projects in construction industry. 
[10] The approach is based on a risk inventory of current 
projects updated by a team. Based on therisk inventory the 
duration of single project activities is calculated. [10] Ramp-
up projects in the automotive industry deviate from ramp-up 
projects in the construction industry (parallel conducted 
activities). However, with adaptions of the approach transfer 
to projects in the automotive industry is possible. 
Lean Ramp-Up Approaches3), 4)
Dombrowski et al.3) apply lean principles to ramp-up 
projects accompanied by methods and tools to reduce waste. 
[7] Since ramp-up projects do not comply with steady 
processes such as series production transfer is challenging. [8] 
On a strategic level this approach is applicable, but focusing 
on application at an operative level it covers only a minor 
part. Furthermore, the approach does not directly address 
ramp-up risks. 
Scholz-Reiter et al.4) aim on applying lean principles to 
accelerate ramp-up projects. In this case ramp-up is not just 
understood to be an experiment but also to show run-up 
character enabling companies to quickly produce products 
suitable for customers. [9] The approach follows fast 
resumption of value adding activities analogous to tool 
change of machine tools. In ramp-up projects one 
differentiates between internal (conducted during the lifetime 
of the machine) and external (conducted ahead) ramp-up 
management activities (inherent measures). [9] This approach 
does not focus on ramp-up risks and only assures usability to 
some extent. However, Scholz-Reiter et al. ensure better 
usability and a stronger focus on reducing delays. In 
comparison, Dombrowski et al. aim on first-mover advantages 
and neglect quality issues. 
3.2. Coordination Models - Integrated Ramp-Up 
Management5)
Both, Schuh and Bischoff follow a comprehensive 
approach linking stakeholders of ramp-up projects in a 
framework for ramp-up management coordinating internal 
and external fractions (A2). [11], [12]. Integrated ramp-up 
management approaches in this case have to be understood as 
building interdisciplinary teams for ramp-up projects. [12] 
These approaches enable companies to early meet the demand 
for experts if needed to assure proper ramp-up. [12] Ramp-up 
manager take in a key role in such teams coordinating 
interdisciplinary challenges. [12] This organisational structure 
facilitates communication between different departments and 
reduces frictional losses in ramp-up projects. In comparison to 
Schuh, Bischoff follows a less continuous and more 
descriptive approach. 
3.3. Knowledge Management Models6)
Applying knowledge management in ramp-up projects 
database of implicit and explicit knowledge is a core objective 
of knowledge management approaches (A3). Information and 
communication technology support storing and spreading 
data. However, such methods are usually restricted to explicit 
knowledge. [13] Companies can accomplish steep learning 
curves when providing data of plans and experiences made in 
former projects. [13] , [14] Best practice workshops or lessons 
learnt are other instruments not exclusively focusing on 
explicit knowledge supporting companies to store and spread 
implicit knowledge. [13] 
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3.4. Central Deficits and Need for Action 
Several delay risks, especially within the failure 
elimination process endanger on time delivery. Such project 
risks can be managed when closely focusing on their causes. 
Most of the approaches {3), 4), 2), 5), 6)} introduced above 
do not address risks in ramp-up projects as needed (refer to 
table 1). Exclusively approach 1) addresses risks in ramp-up 
projects and provides quantified risk assessment. However, it 
lacks on usability in day-to-day business due to the top-down 
approach (time-consuming cause-effect analysis). The 
bottom-up approach 2) is more applicable but restricted with 
regards to transferring it to the automotive industry serial 
production processes. 
Table 1: Assessment of Current Approaches 
 Addressing 
ramp-up 
risks 
Diminution 
of delays 
Applicable for day-
to-day business 
1) xxx xxx x 
2) xx xx xx 
3) - x x 
4) - xx xx 
5) - xx x 
6) x - xx 
(-) no implementation (xx) partial implementation 
(x) low implementation (xxx) full implementation 
The synthesis of the above mentioned approaches 1) and 2) 
closes the research gap and ensures quantification of risks in 
day-to-day business serving as decision base for risk treating 
measures preventing further damage. 
4. Optimised Project Execution through Quantified Risk 
Management of Ramp-Up Projects 
4.1. An overview – The Risk Management Process in General 
Successful risk management depends on the framework 
defining responsibilities, analysing the organisation, 
implementing risk management, monitoring the framework 
and its continuous improvement. Five phases characterise the 
risk management process: “communication and consultation”, 
“establishing the context”, “risk assessment”, “risk treatment” 
and “monitoring and review”. [15]  
The key objectives of ramp-up projects cost, time and 
quality are framework and guidance to successfully 
implement risk management ramp-up projects. [5] 
Considering these objectives, the introduced approach 
especially addresses risks counteracting these objectives 
leading to delay of ramp-up projects (refer to figure 1). 
A multitude of delay risks influence products’ and 
processes’ development of maturity level. Suppression of 
flaws is one of the key objectives in ramp-up projects. To 
assure successful ramp-up, risks causing flaws need to be 
identified as early as possible (frontloading). In the first phase 
“preparation” as much information as possible is pulled 
forward to realise fast ramp-up. However, exclusive 
application of fast ramp-up is insufficient to complete ramp-
up projects on time. Efficient risk management complements 
the phase of frontloading supporting objective quantification 
of risks. Since the approach enables users to early identify and 
quantitatively assess risks, companies can focus on relevant 
actions in ramp-up projects to facilitate their day-to-day 
business even more.  
4.2. Overview of the Approach – Risk Management in Ramp-
Up Projects 
Risk Identification 
In an initial phase, two categories “product and process 
flaws” and “documentation flaw” support the user to structure 
flaws in ramp-up projects. Furthermore, sub-categories (e.g. 
diesel, petrol engine and hybrid) structure flaws on a more 
detailed level. In a second phase, possible delay risks causing 
these flaws (e.g. change of tool) are collected through historic 
data and/or expert interviews and clustered in an inventory 
according to likelihood of occurrence and anticipated costs 
(e.g. portfolio analysis). The inventory and cluster should be 
revised on regular bases (e.g. once a year) to determine 
possible changes of relevant risks of certain flaws as early as 
possible. Schattemann’s et al. checklist [10] serves as guide 
for this procedure. 
Risk Assessment 
Historic data or Monte Carlo Simulation (MCS) provide 
base to quantify risks. An analytical approach requires a 
database to determine expected value or standard distribution. 
Usually such an approach is limited to its usability due to 
insufficient volume of data. In such a case MCS can be 
conducted to determine the total risk position. Experts should 
accompany this approach verifying value of estimated 
parameters. [16] Additionally, user can qualitatively assess 
flaws (high to low priority) considering criticality of flaw to 
the customer. This approach pre-selects the most relevant 
Figure 1: Method to Quantify Risks in Ramp-Up Projects Figure 2: Limit Trajectory of Open Flaws and Projected Trajectory of 
Suppressed Flaws
Product 
development SeriesProduction start-up
SOPOpen flaws
100 %
time risk
flaw
suppressed
Limit trajectory
Projection
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risks as input for following risk management processes 
reducing the required effort to a minimum (refer to figure 3, 
left). 
Risk Treatment 
Delay risks and flaw occurrence prediction build the base 
to forecast trends of ramp-up projects within risk reports. 
Average flaw times within a project and corresponding 
likelihood enhance the forecasting model. This data enables to 
deviate a trajectory of suppressed flaws (projection). 
The risk of delay (time risk) can be understood as 
difference in time of the current ramp-up project plotted 
against the trajectory of accepted amount of open flaws (limit 
trajectory), refer to figure 2. Limit trajectory can be 
understood as maximum risk accepted. Each user has to 
define an own limit trajectory by analysing past projects (e.g. 
best case trajectory of open flaws or mean value of open flaws 
in different projects depending on their progress). 
The risk report (refer to figure 3) addresses the effected 
management of ramp-up projects. Hence, it provides a quick 
overview including project deadlines, status information about 
current risks (green, yellow, red), risk portfolio, top priority 
list of risks, current risk treating actions to be implemented 
and forecast of a ramp-up project’s trend. Risks within the top 
priority list are considered to be risks endangering start of 
production (SOP). 
4.3. Quantification of Delay Risks – A Detailed View 
In a first step of quantification the checklist introduced in 
the phase of risk identification is analysed whether risk 
clusters are based on historic data or on experts’ estimation. 
An analytical approach is followed when historic data is 
available otherwise a parametric approach is conducted.  
Analytic Approach 
Flaws are characterised according to their triggering risk 
cluster. For each cluster a certain amount of events and related 
delay time is obtained. The type of distribution for each 
cluster is identified through significance tests. For example 
assuming standard deviation, expected value eμ  and standard 
deviation eσ  are determined by considering frequency of 
each class nclass and value of the middle class km,class (assuming 
normal distribution at this stage): 
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Validity of the assumption can be chi-square tested with 
the degree of freedom and the theoretical deviation (u-value). 
U-value is generated based on empiric expected value and 
standard deviation. Actual nclass,actual and theoretic frequencies 
nclass,threoretic are subtracted and squared leading to theoretic 
deviation: 
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Parametric Approach 
In case of insufficient data a parametric approach (MCS)
enables to deviate proper distributions for each cluster. 
Triangular or logarithmic normal distributions are suitable 
variants for the designated application [17], [18]. In case of 
logarithmic normal distribution experts need to estimate mean 
value E(X) and standard deviation Xσ :
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MCS is conducted to automatically generate one 
aggregated distribution for each cluster respecting the 
uncertainty of each estimation (refer to figure 4 top: meta 
risk). At this stage equipartition was assumed (most 
conservative estimation) covering experts’ uncertainty of 
statements, since analysis of its distribution does not justice 
Figure 3: Overview of Risk Report
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Figure 4: Two-Step Approach to Quantify Delay Risks
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benefit of a better fitting distribution in day-to-day business. 
This assumption widens the resulting triangular or logarithmic 
normal distribution. Within the software demonstrator 100 
cycles were run due to usability. Variation of parameters is a 
common solution to transfer MCS to a two-step approach 
[19]. 
Risk Aggregation and Further Risk Indicator 
Once clusters are transferred into distributions either based 
on an analytical or a parametric approach one trajectory of 
open flaws is aggregated (refer to figure 3 bottom).  
Since companies run several projects an additional risk 
indicator supports the user to individual risk situations to 
identify the most critical projects. Longest duration of flaw to 
be suppressed could be such an indicator. In such instance, 
criticality of a ramp-up project would be based on one single 
flaw. Therefore, a more comprehensive approach is followed 
considering amount of flaws and share of critical topics. 
Indicator will be defined as quotient of amount of uncritical 
risks and amount of critical project risks: 
critical
uncritical
R
RR =  (6) 
For this approach risks are understood critical when either 
being prioritised highest or a delay will take longer than T4 
(T4 defined by applicant, refer to figure 3 top left, abscissae). 
Benefit
The approach introduced supports early risk identification 
for optimal use of limited time to SOP by building up a risk 
inventory for ramp-up projects prior their start. Hence, a 
process to suppress flaws can be introduced earlier in the 
project reducing chances for project delay. Furthermore, it 
provides an objective and quantitative approach to assess risks 
representing a solid basis for decision making processes. Risk 
measure time delay represents a comprehensible and accepted 
value which could be transferred into a monetary dimension. 
Usability of both analytical and parametrical approaches 
guarantees high flexibility for the user. Quantification and 
aggregation allow prognoses and priorisation of risks. A risk 
reports sums up the results in a management summary 
providing a quick overview for decision-makers. As 
application of the tool requires teams from different 
departments and disciplines awareness for risks and risk 
management is spread throughout the organisation.  
4.4. Use Case – Quantification Results 
The above mentioned method was implemented in a tool. 
This developed tool was applied in the automotive industry. 
The use case presented focuses on a ramp-up project of a new 
developed car. Two risk classes were identified: product and 
process flaws on the one side and documentation flaws on the 
other side. Documentation flaw last in their mean value for 
8.8 weeks with a standard deviation of 12.5 weeks (refer to 
table 2). Since ramp-up project last in average for 50 weeks, 
those flaws were not considered for the quantification process. 
Product and process flaws however last longer depending on 
product variant. The trajectory of open flaws over time of the 
project is visualised in figure 5. 
Table 2: Analysis of Average Flaw Duration/ Delay Time 
weeks product and process flaw document 
flaw variant 1 variant 2 variant 3 
quantity 209 250 20 102 
Mean
value 21.2 16.7 17.7 8.8 
Standard 
deviation 24.6 17.6 14.2 12.5 
In the next step, possible causes of these flaws have to be 
analysed. To name a few of these causes: inter-departmental 
changes, delayed decisions, changes of tools or product 
changes. Once causes are identified a risk check list is created 
functioning as input for the quantification process. At this 
stage it is examined how early in the project causes of delays 
can be determined. 
Considering the identified risks according to the risk 
checklist the two stage simulation process provides us with 
progress of the ramp-up project (refer to figure 6). Results of 
the tool show that 75% of the topics are closed according to 
the forecast. The open topics critical deadline needs to be 
awaited. Within the third cycle, 55% of open flaws identified 
by the forecast were closed. For the other open flaws it is 
known that they will be closed prior deadline. Hence, 75% of 
the forecast meet the reality of open flaws. 
5. Conclusion 
The developed approach provides a risk report as an 
overview on top critical risks, a forecast of the trajectory of 
open flaws is provided for each ramp-up project and 
corresponding risk treating measures. It supports applicants to 
compare actual trend of open flaws towards the ideal Figure 5: Limit and Current Trajectory of Open Flaws
ramp-up project cycle 1 ramp-up project cycle 2 ramp-up project cycle 3
input forecast
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Figure 6: Validation Result
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trajectory of open flaws. The use case discloses validity for 
the developed quantification method. Besides identifying and 
assessing critical ramp-up project risks preventive risk 
treatment is facilitated by a corresponding risk treating 
measure inventory. Due to sound results implementation of 
the tool is not just foreseen in the current ramp-up factory but 
aspired to spread it over the entire company in each ramp-up 
factory.
Further research needs to be carried out to link delay risk 
to possible consequences of delays during ramp-up projects, 
e.g. delay of SOP, required additional capacity of human 
resources or impact at the customer (internally & externally). 
Furthermore, solutions must be identified for risks which 
cannot be transferred into time or monetary dimensions. This 
provides a more comprehensive view on risks and their 
impact. Lastly, an approach should be developed and linked to 
the quantification approach above not just proposing risk 
treating measures but to quantify the effort required, e.g. 
amount of human capacity required to reduce certain risks. 
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